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Abstract This study links climate change impacts to the 
development of adaptation strategies for agriculture on the 
Mediterranean región. Climate change is expected to 
intensify the existing risks, particularly in regions with 
current water scarcity, and créate new opportunities for 
improving land and water management. These risks and 
opportunities are characterised and interpreted across 
Mediterranean áreas by analysing water scarcity pressures 
and potential impacts on crop productivity over the next 
decades. The need to respond to these risks and opportu-
nities is addressed by evaluating an adaptive capacity index 
that represents the ability of Mediterranean agriculture to 
respond to climate change. We propose an adaptive 
capacity index with three major components that charac-
terise the economic capacity, human and civic resources, 
and agricultural innovation. These results aim to assist 
stakeholders as they take up the adaptation challenge and 
develop measures to reduce the vulnerability of the sector 
to climate change. 
Keywords Climate change • Adaptation • Agriculture • 
Water scarcity • Mediterranean 
Introduction 
Agriculture and water are closely interlinked in Mediter-
ranean countries and shape the social development in many 
rural áreas. Climatic conditions affect directly agriculture 
and water resources. Diseases and pest infestations over 
land and water are also weather-dependent. Societies, 
cultures, and economies have evolved adapting to mean 
climatic conditions. The success of adaptation depends on 
the strategy, and it is determined by the economic, social, 
and environmental vulnerability. 
Agriculture is the main land use, user of water, and key 
activity for rural population over large áreas in the 
Mediterranean. Water resources are essential to maintain 
a stable agricultural production, but also essential to 
supply to growing cities. In this región, it is likely that 
the stress imposed by climate change to agriculture is by 
means of reducing water availability (Iglesias et al. 
2010b). Adaptation is a key factor that will shape the 
future severity of climate change impacts on food pro-
duction (Lobell et al. 2008; Iglesias et al. 2010b). Prior-
itising adaptation needs is complex and, at least, requires 
information on: (1) water scarcity pressures, being water 
availability the main determinant of agriculture in the 
región; (2) a measure of the potential impacts; and (3) 
a measure of the potential limits (social and physical) to 
adaptation. Here, we evalúate these three aspects, 
discussing the adaptation priorities for agriculture in the 
Mediterranean región. 
Water scarcity pressures 
Mediterranean agriculture faces limited and variable rain-
fall and water availability. Irrigated agriculture is a small 
fraction of total agriculture, but it provides more than half 
of the food consumed, half valué of the total agricultural 
earnings especially exports. Because water resources are 
limited, the use of water for irrigation competes with other 
uses of water, such as industrial, municipal, and water for 
ecosystems; this often results in social and environmental 
conflicts. 
Rainfall and water resources are limited and difficult to 
predict from year to year. In many countries, demand lar-
gely exceeds the available water resources in most Medi-
terranean countries (Table 1). The poten tial water 
availability per capita and year considering the total 
freshwater resources in southern Mediterranean countries is 
less than 1,000 m . Real available water resources are a 
small fraction of the total water resources in all cases. For 
example, in Spain, real available water resources are less 
than half of the total freshwater resources, and the potential 
use of surface water under natural regime is only 7% 
(Iglesias et al. 2007). 
Water demand is raising due to demographic shifts, 
economic development, and lifestyle changes. Water use in 
the región is mainly for agriculture, accounting for more 
than 50% of total water use in all countries except France. 
Nevertheless, other economic and social water demands are 
rapidly increasing, such as tourism and ecosystem services 
(Iglesias et al. 2007). A commonly shared concern in the 
región is the ability to reach the targets of the Millennium 
Development Goals (MDGs), especially to halve by 2015 
the proportion of people who do not have access to safe 
drinking water (Millennium Declaration, adopted by all 
members of the United Nations in September 2000). 
The evolution of irrigation in all Mediterranean coun-
tries has been remarkable over the last half century, but 
northern and southern Mediterranean countries have vary-
ing rates of expansión of irrigated land and using different 
irrigation technologies. Irrigation technologies have 
increased water productivity up to 30 or 40% (Causapé 
et al. 2005; Luquet et al. 2005), and this has given a 
competitive advantage to many Mediterranean crops in 
European markets. Irrigation technologies ensure the best 
results when combined with efficient irrigation schedules 
or supplemental irrigation. 
Intensive extraction of groundwater is a recent strategy 
to cope with the increasing water demand and has been 
undertaken in most Mediterranean countries. In most cases, 
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almost all groundwater extracted is used for irrigation 
(Garrido and Iglesias 2007; Fornes et al. 2005). The pres-
sure on groundwater resources in the last decades partially 
arises from the rapid development of intensive irrigated 
agricultural áreas but as well from an explicit growth of 
urbanisations. Groundwater resources play a vital role in 
meeting water demands, not only in terms of quality and 
quantity, but also in space and time, and are of critical 
importance for alleviating the effects of drought (Llamas 
2000; Llamas and Martinez-Santos 2005). A common 
problem of aquifers in the Mediterranean región is the 
degradation of the groundwater quality due to múltiple 
stresses: excessive pumping in relation to average natural 
recharge, return flow from irrigation water with intense use 
of agrochemicals, leakage from urban áreas (land filis, 
septic tanks, sewers, mine tailings, among others, Barraque 
1998; Fornes et al. 2005). In addition, drought episodes 
contribute in a significant way to the degradation of 
groundwater quality (Iglesias et al. 2007). 
Many Mediterranean freshwater and groundwater 
resources are shared among countries taking the river Nile 
as an example. Within the countries, shared water among 
administrative units is also common. Disputes exist, espe-
cially during drought conditions, and potentially will 
increase due to the increasing water imbalances. Policies of 
a single government or water basin unit cannot resolve 
issues over shared water bodies, and local interests are 
likely to diverge. International institutions play a key role 
as formal mechanisms to deal with water-related conflicts 
in the región. Nevertheless, a common characteristic of the 
countries in the región is the weak cooperation among the 
different institutions related to agricultural and water 
management, and the fragmented roles of the country and 
its administrative regions that can result in conflicts (Igle-
sias et al. 2010a). 
Wetland ecosystems depend to a significant degree on 
the sustainability of agro-ecosystems in Mediterranean 
countries (Llamas and Martinez-Santos 2005; Llamas 
2000; Gerakis and Kalburtji 1998), and they have been 
seriously affected by irrigation schemes and individual 
farmers using groundwater resources. In some countries, 
habitats' conservation and agriculture are becoming irrec-
oncilable interests (Hellegers et al. 2001). 
Potential impacts of climate change 
There are several hundred studies of the potential impacts 
of climate change on agriculture in the Mediterranean 
using many different approaches (Iglesias et al. 2000; 
2010b; Quiroga and Iglesias 2009; El-Shaer et al. 1997). 
Studies focus on particular issues (e.g., soil erosión, bio-
diversity, and farm income), time-frames (e.g., 2020s, 
2050s, and 2100), scenarios (e.g., SRES), and spatial scales 
(from local to regional). The results of the studies are 
diverse and sometimes contradictory due to different 
assumptions and approaches. Here, we outline the main 
potential impacts of climate change on Mediterranean 
agriculture. The impacts reported here have the following 
characteristics: (1) are highly certain (the majority of 
studies agree); (2) exacérbate the social vulnerability dif-
ferences (and therefore social inequality); and (3) may be 
addressed by adaptation policy. This analysis aims to guide 
the selection of policies for adaptation. 
Climate and sea level rise projections 
Scientific projections of potential impacts of climate 
change on Mediterranean agriculture are uncertain and 
subject to numerous hypotheses. Climate change scenarios 
project higher than the global average increases in tem-
perature, and changes in the hydrological cycle are 
expected in the región (IPCC 2007b; Giorgi and Lionello 
2008). Climate change projections indicate a decrease in 
precipitation up to —40%, by the 2050s compared to 
1961-1990 levéis in some áreas, with changes in the annual 
precipitation patterns. In all cases, temperature increases of 
about 1.5°C are expected by the mid-2050s and thereby 
increased evaporation and reduced soil moisture, resulting 
in more adverse regional climate conditions than presently 
experienced. There is also a growing concern about the 
impacts of climate change on drought magnitude and fre-
quency in the Mediterranean región (Giorgi and Lionello 
2008) with severe implications for future water availability 
in the región (Iglesias 2009). 
Increased sea level will affect agricultural production 
and water resources in the low-lying coastal áreas, unless 
measures to protect vulnerable land or other land man-
agement schemes are put in place. 
Changes in climate variability and extremes are likely to 
be at least as important as changes in mean climate con-
ditions in determining climate change impacts and vul-
nerability (high confidence). Increased frequency of 
extremes events could result in higher insurance fees. The 
application of risk management techniques may contribute 
to increase the private coping capacity of farmers in these 
áreas. But the ability of agricultural strategies to adapt to 
changes in climate and climate variability depends on the 
magnitude of such increase, the system being impacted and 
the adaptation options, as discussed below. 
Crop production 
Climate determines directly water availability and crop 
production. Iglesias et al. 2010a estimate the physical 
impacts of climate change on agricultural productivity by 
using a consistent and geographically explicit bottom-up 
methodology. Mediterranean crop yield changes were 
modelled under the HadCM3/HIRHAM A2 and B2 sce-
narios for the period 2071-2100 and for the ECHAM4/ 
RCA3 A2 scenario for the period 2011-2040. The yield 
changes include the direct positive effects of CO2 on the 
crops, the rainfed, and irrigated simulations in each geo-
graphic unit. Although each scenario projects different 
results, all scenarios considered are consistent in the spatial 
distribution of effects. Overall, crop productivity decreases 
are caused by shortening of the growing period, with 
subsequent negative effects on grain filling. It is very 
important to notice that the simulations consider no 
restrictions in water availability for irrigation due to 
changes in policy. In all cases, the simulations do not 
include restrictions in the application of nitrogen fertiliser. 
Therefore, the results of the Iglesias et al. 2010a study 
should be considered optimistic from the production point 
and pessimistic from the environmental point of view. The 
country and spatial data from the Iglesias et al. 2010a study 
are used here to derive uncertainty ranges for the Medi-
terranean región (Fig. 1). 
In some regions of the Mediterranean, economic welfare 
of rural societies depends heavily on incomes generated by 
agriculture. Likewise, traditional farming systems are val-
ued by some societies as a cultural heritage. Alternative 
income generator activities and employments in rural áreas 
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Fig. 1 Projections of production impacts in 2030 (2011-2040) and 
2080 (2071-2100) expressed as percentage of 1970-2000 average 
yields under five climate scenarios. Boxes the range in average valúes 
in the Mediterranean countries; vertical Unes indicate the standard 
deviation across the entire geographical área 
contribute to increase the private coping activity of farm-
ers. Technology and innovation can also contribute to 
improve the competitiveness of farming systems. Despite 
these considerations, we have considered that farmer's 
private coping activity against the climate change impact is 
modérate. 
Adaptation to these changes would require new invest-
ments and managerial skills. The financial feasibility of the 
new investments required will depend on the profits gen-
erated by the new optimal farming systems. The support of 
public agricultural education networks and agricultural 
research centres plays a key role for facilitating to farmers 
the acquisition of new managerial skills. For this impact, 
private coping capacity could be considered modérate. 
Decreases in productivity could cause agricultural use land 
abandonment. The level of confidence of these projections 
are estimated to be low because their uncertainty is the 
result of adding the uncertainty on future agricultural prices 
to the uncertainty upon the climate change impacts on 
agricultural productivity. The intensity of this impact could 
be considered high in the áreas where the optimal farming 
systems are extensive. Intensive farming systems are more 
resilient to climate change. 
An increasing number of studies are showing the effect 
of current climate variability and extremes in agricultural 
production, especially in áreas where crops are cultivated 
near their climatic limits. 
Water availability 
All studies converge in the definite and significant impact 
of climate change on the further deterioration of water 
resources in the Mediterranean. The demand for water 
increases in all áreas due to increases in crop evapotrans-
piration in response to increased temperatures. Increased 
water shortages, particularly in the spring and summer 
months, imply conflicts over water uses especially in 
southern countries (Dolí 2002). Reduced water quality due 
to higher water temperatures and lower levéis of runoff in 
some regions, particularly in summer, impose further 
environmental stress in irrigated áreas. All this surely leads 
to increasing restrictions on irrigation in agriculture. 
Private adaptation options to these impacts include 
agronomic practices such as conservation tillage or irriga-
tion management (Olesen and Bindi 2002; Oweis and 
Hachum 2005). Increased competition for scarce water 
resources may promote the introduction of more efficient 
irrigation systems (Iglesias et al. 2009). However, private 
coping capacity can be considered modérate for this cli-
mate change impact because, in most áreas, actions are 
highly dependent on the adaptation actions adopted by the 
hydrological sector, where public intervention continúes to 
play a key role. Some authors have pointed out the need of 
reforming water markets to encourage a more prudent use 
of water (Iglesias et al. 2009). 
Soil salinity and erosión 
Soil degradation is a major threat to the sustainability of 
Mediterranean's land resources and may impair the ability 
of Mediterranean agriculture to adapt successfully to cli-
mate change. Mediterranean soils are currently experienc-
ing a range of conservation problems, including high 
erosión rates (and erosion-derived agro-chemical pollution 
of waterways), declines in soil organic matter, and vul-
nerability of soil organic carbón pools. These are linked to 
site factors and changing land management practices and 
are being exacerbated by climate change and the increasing 
incidence of extreme weather events. Increased intensity of 
precipitation is likely to change patterns of erosión and 
accretion, increase the occurrence of storm flooding and 
storm damage and lead to greater incidences of waterlog-
ging. The private adaptive capacity to this impact is con-
sidered low. 
Adaptive capacity 
Here, we use an adaptive capacity index to discuss the 
potential limits to adaptation. Water management and 
agriculture have shown throughout history a great ability to 
adapt to changing conditions, suggesting that the adaptive 
capacity is high. However, this ability varies with regions, 
activities and social groups. Here, we develop an index to 
estimate regional differences in adaptive capacity. 
The evaluation of adaptive capacity has been previously 
addressed by several studies (Yohe and Tol 2002; Yohe 
et al. 2006; Ionescu et al. 2009). The issue of adaptive 
capacity is generally adopted as a modifier of the impact 
response functions, aiming to represent the capacity of a 
system to cope with or recover from a potentially damaging 
change in climate conditions. Previous studies by Yohe and 
Tol (2002) related to the evaluation of vulnerability or 
adaptive capacity to climate change, or the fourth assess-
ment report from the IPCC (2007a) agree on the need to 
take several components into account in order to evalúate 
adaptation capacity. 
Yohe and Tol (2002) and Ionescu et al. (2009) define 
eight determinants of adaptive capacity that include a 
variety of system-, sector-, and location-specific charac-
teristics. These characteristics include socio-economic 
indicators, such as the availability of resources and their 
distribution among the population, the range of techno-
logical options and the stock of human capital. These eight 
determinants do not include climatic characteristics, but 
Yohe and Tol (2002) note that exposure to variability and 
extreme events is an important source of vulnerability. 
Furthermore, various definitions of adaptive capacity 
include biophysical indicators. Moss et al. (2000) define 
coping-adaptive capacity to include the components, such 
as economic capacity, human resources, and environmental 
capacity. Environmental capacity in their definition 
includes biophysical factors that influence coping capacity, 
such as SOx emissions. In the current context, the definition 
of adaptive capacity given by the Parry ML (2007a) is 
applied: The ability of a system to adjust to climate change 
(including climate variability and extremes) to modérate 
potential damages, to take advantage of opportunities, or to 
cope with the consequences. 
Yohe and Tol (2002) proposed a method for developing 
indicators for social and economic coping capacity in the 
context of climate change. Later, a simple index to quantify 
adaptive capacity was used by Ionescu et al. (2009) 
including only GDP, literacy rate, and labour participation 
rate of women. Yohe et al. (2006) used the Vulnerability-
Resilience Indicator Prototype (VRIP) developed by 
Brenkert and Malone (2005) as a proxy to adaptive 
capacity index. The capacity to adapt to environmental 
change is implicit in the concept of sustainable develop-
ment and implies economic as well as natural resource 
components. 
We propose an adaptive capacity index (AC index) with 
three major components that characterise the economic 
capacity, human and civic resources, and agricultural 
innovation. The scores of the AC index range on a scale of 
0-100, with the total being generated as the sum of each 
component. The approach is flexible and can be applied to 
managed and natural ecosystems as well as to socio-eco-
nomic systems. The methodology is appropriate to inté-
grate both quantitative and qualitative characterisations of 
adaptive capacity—this permits the involvement of the 
stakeholders in the process. The index can be applied 
locally or spatially and with different aggregation levéis of 
the input data. The intermedíate components can be eval-
uated independently, allowing comprehensive interpreta-
tion of the strengths and weaknesses of each system. A 
similar approach has been taken in the context of drought. 
The sequential steps taken for the quantifieation of the 
adaptive capacity index are (1) Select proxy variables for 
factors that contribute to the adaptation capacity. (2) Nor-
malise the proxy variables with respect to some common 
baseline. (3) Combine the sub-component proxy variables 
within each adaptive capacity category by weighted aver-
ages. (4) Quantify adaptive capacity as the weighted sum 
of the components. These four steps are applied to the 
baseline valúes and the SRES scenario valúes. 
Table 2 shows the components of the AC index and 
proxy variables proposed for evaluating agricultural 
adaptive capacity to climate change. The variables 
Table 2 Components and 
proxy variables of the adaptive 
capacity Índex for the 
agriculture sector 
Components Proxy variables 
Natural capacity 
Economic capacity 
Human and civic resources 
Agricultural innovation 
Average precipitation 61-90 (mm/year) 
Total water use (% of renewable) 
Agricultural water use (%) 
Área salinised by irrigation (ha) 
Population density 
GDP millions US$ 
GDP per capita US$ 
Agricultural valué added/GDP % 
Energy use (kg oil equivalent per capita) 
Population below poverty Une (% population with less that 1 TJS$/day) 
Agricultural employment (% of total) 
Adult literacy rate (% of total) 
Life expectancy at birth (years) 
Population without access to improved water (% of total) 
Irrigated área (% of cropland) 
Irrigation technology (% drip irrigation) 
Irrigation water use efficiency 
Fertiliser consumption (100 g/ha of arable land) 
Agricultural machinery (tractors per 100 km2 of arable land) 
included were selected because (1) data were available and 
an example could be computed and (2) the variables are 
SRES scenario dependent and geographically explicit. 
Thus, each SRES storyline, time slice and country group 
are allocated an adaptive capacity class. The AC index 
may be used to understand the sensitivity of the system 
and assist in the selection of adaptation measures. Figure 2 
summarises the results for the baseline and the A2 and B2 
SRES scenarios. 
The potential for improving water use efficiency is 
extremely large. The role of decisión support systems 
available to the farmer is helping implementation of irri-
gation technology to evolve rapidly (Croke et al. 2002). 
Agricultural managers already use short-term weather 
forecasts in irrigation scheduling saving water with suc-
cess, therefore, incorporating quantitative estimates of 
probabilistic climate conditions and modelling output into 
their decision-making process. 
Technological development is also increasing the 
amount of available water by using non-conventional 
sources. For example, the recent availability of reuse and 
desalinisation technologies at market rates and wide scale 
continúes to be developing at a fast rate, and the desali-
nation capacity of Mediterranean countries has increased 
significantly (Abufayed and El-Ghuel 2001). Artificial 
local recharge of aquifers is considered as an effective 
technology in counteracting sea water encroachment and 
groundwater depletion. For example, artificial recharge in 
the Korba coastal aquifer of the tourist región of Cap Bon 
(Tunisia) has resulted in substantial decrease in the salinity 
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Fig. 2 Adaptive capacity index for the agriculture sector in selected 
Mediterranean countries (valúes range from 0 (lowest adaptive 
capacity) to 100 (highest adaptive capacity) 
level in the central coastal portion of the aquifer (Paniconi 
et al. 2001). 
Conclusions 
Climate change will be a main determinant of future 
agriculture in the Mediterranean región, primarily by 
imposing further pressure on already scarce water resour-
ces. The changes in variability of agricultural productivity 
are larger than the changes in the mean under all climate 
scenarios considered. If projections become real, water 
scarcity in the Mediterranean is expected to rise in the next 
decades—posing additional problems to water manage-
ment and water users. The combination of temperature 
increase and changes in the hydrological cycle limits some 
of the current adaptation measures, such as the increase in 
water for agricultural irrigation. This implies that the 
economic perspective for an expansión of, e.g., fruit and 
vegetable growing is limited. The human dimensión of 
climate change impacts on the Mediterranean might not 
stop at the country level. There is the potential for more 
pronounced water conflicts of neighbouring countries, e.g., 
on shared rivers and aquifers. 
Adaptation capacity in the Mediterranean región is a 
challenge as climate change comes in conjunction with 
high development pressure, increasing populations, water 
management that is already regulating most of available 
water resources, and agricultural systems that are often not 
adapted (any more) to local conditions. Evidence for limits 
to adaptation of socio-economic and agricultural systems in 
the Mediterranean región can be documented in recent 
history, and this is captured by the valúes of the adaptive 
capacity index. The valúes of the adaptive capacity index 
also capture the observed differences in the implementation 
of effective measures to cope with long-term drought and 
water scarcity in Mediterranean countries. 
Potential adaptation options at the local level and 
regional level are extensive. For example, at the local level, 
adaptation initiatives may combine water efficiency ini-
tiatives, engineering, and structural improvements to water 
supply infrastructure, agriculture policies, and urban plan-
ning/management. At the national or regional level, pri-
orities include, e.g., to place greater emphasis on 
integrated, cross-sectoral water resources management, 
using river basins as resource management units, and 
encouraging sound management practices. Given the 
increasing pressures on resources, and the considerable 
time and expense required to implement many adaptation 
measures, the agriculture and water resource sectors in 
many áreas and countries will remain vulnerable to climate 
variability. 
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